Study Design: Prospective nonrandomized controlled trial. Objectives: To determine the effect of fibular repositioning tape (FRT) on incidence and severity of ankle injury. Background: Pain and functional disability is common following ankle sprain and a major problem in sport. A novel method of taping, FRT, which has been described to prevent ankle sprain, requires less tape than traditional methods and is easier to apply. The objective of this study was to determine the effect of FRT on the incidence and severity of ankle injury in basketball.
Prophylactic methods in common use include taping, bracing, and a variety of orthotic devices. 36 These devices are postulated to prevent ankle sprain through mechanical support, enhanced proprioception, 27 and movement restriction. 5 Ankle taping and bracing are considered effective in reducing both the incidence and severity of ankle injuries, 39 though only bracing has strong evidence for its efficacy. Both methods appear more effective in participants with a history of ankle injury. 27 Ankle bracing efficacy remains to be conclusively demonstrated in participants without a history of ankle injury; however, this method does appear more effective than taping in populations with a history of ankle sprain. 39 Comfort, ease of application, personal preference, age, cost, and type of sport, rather than efficacy, appear to be the governing factors in the choice of ankle prophylaxis. 5 Ankle taping has been the method of choice by trainers and coaches for decades. 36 This is supported by player preference, with 20% of participants using taping in contrast to 13% using bracing in basketball. 34 This apparent preference for taping in the sporting community exists in spite of evidence suggesting that ankle bracing is more effective and cost efficient. 27, 39 Despite the popularity of traditional taping as a prophylactic measure, the most recent study evaluating its efficacy is 30 years old. 10 A more recent study attempted to compare taping with bracing but did not incorporate a control group, which makes interpretation of results problematic. 30 Most recent studies have investigated either the mechanical properties of tape 1, 3, 4, 32 or the functional performance when tape is applied. 16 Ankle injuries involving plantar flexion and inversion are considered to result in compromise of the anterior talofibular ligament (ATFL). 14 In recent times, an alternative explanation for pain and disability following lateral ankle sprain has been suggested. 23 , 21 Mulligan postulates that plantar flexion and inversion tensions the ATFL, which then displaces the fibula anteriorly relative to the tibia, creating an anterior positional fault of the fibula. 23, 21 Pain is said to arise from the inferior tibiofibular joint, rather than the ATFL. Manually repositioning the fibula with either nonstretch tape or manual therapy is said to have a positive effect on pain and disability.
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At face value this hypothesis seems improbable when one considers the size of the ATFL in relation to the larger posterior tibiofibular and interosseous ligaments that would prevent this anterior displacement. In addition, there is no definitive evidence to show that the fibula changes position as a result of ankle sprain. However, some support for the fibula positional fault exists in the radiological literature. A number of studies have examined fibula position in subjects after ankle sprain and in subjects with ankle instability. 2, 9, [13] [14] [15] 17, 18, 31 The results from these studies are contradictor y, with some suggesting anterior 13, 15, 17 and some posterior 2, 8, 18, 31 fibula positional faults. This difference is probably due to variation in methods of measuring fibula position. Findings 2, 8, 19, 32 of a posterior fibular positional fault are based on the measurement of the axial malleolar index, 15 rather than the relationship of the fibula to the tibia. 13 The axial malleolar index can give the false impression of a posterior fault due to variations in the position of the talus. 13, 15 Hence it has been recommended that fibula position should be described in relation to the tibia. 13 Those studies that use this method suggest that the fibula is displaced anteriorly. 13, 15, 17 Although there is evidence that variation in fibula position exists, there is no evidence that this can be altered by any Mulligan technique, either tape or manual therapy.
Despite limited literature documenting its use, 11, 14, 25 fibular repositioning tape (FRT), as described by Mulligan, is used clinically as a treatment following ankle sprain. [21] [22] [23] [24] Mulligan suggests that this taping method can correct an anterior positional fault of the fibula and also maintain correct fibular alignment, 21, 24 although there is no research evidence to support this. Therefore, it appears logical that if FRT is applied prior to activity to maintain optimal fibula position and prevent forward fibula displacement, then ankle injury prevention may be the resultant effect. To date, there have been no published studies investigating the effectiveness of FRT on ankle injury prevention.
METHODS
This study was approved by the statutory Human Research Ethics Committee and the rights of subjects were respected at all times. Consent was sought and provided when necessary by the parent or guardian for children under the age of 18 years.
Subjects
To determine the effect of FRT on the incidence and severity of ankle injury, 125 male basketball players aged between 13 and 23 years were included as subjects in this study. Eighty-six subjects were recruited from the extracurricular basketball program of 2 secondary boys schools. Thirty-nine subjects were also recruited from a local amateur basketball competition. These subjects were evenly split between the 2 study conditions. Condition allocation was in a manner of convenience, such that the first half of the squad arriving for training or a game were allocated to the FRT condition and the second half to the control condition. Hence, each training or game session would result in different players receiving the FRT and each session was considered as a clearly defined new event.
Eligibility criteria consisted of participation in regular basketball competition. Exclusion criteria included a history of ankle surgery or a skin condition preventing tape application.
A survey was used to collect data on previous ankle injury and use of prophylactic devices. Subjects could withdraw their consent at any time during the study and the development of a significant skin irritation due to the tape application or skin irritation preventing tape application were criteria for subject withdrawal. One subject developed a skin reaction to the tape and withdrew.
A total of 433 basketball exposures, totaling 374.3 hours of play, were subsequently monitored. Of these, 209 exposures comprised the control condition and 224 exposures comprised the FRT condition, with mean participant ages of 15 years (range, 14-17 years) and 16 years (range, 13-23 years), respectively. Table  1 shows the descriptive data for subject contribution to each condition. Of the 125 subjects in this study, 79 contributed to both the control and FRT conditions.
At baseline, no difference was identified between the 2 conditions in the subjective report of any previous ankle injury ( 2 = 5.04, P = .08, df = 2) ( Table 2 ). However, the control condition demon- strated a significantly higher report of the presence ( 2 = 17.22, PϽ.001, df = 2) and number (t = 2.42, P = .02, df = 404) of ankle injuries sustained in the preceding year (Table 2) . A total of 17 control participants employed other prophylactic methods, namely traditional ankle taping (n = 10), and ankle bracing (n = 7).
Materials
Subjects' skin was prepared with Sigma Friar's Balsam (Sigma Pharmaceuticals Ltd, South Croydon, New South Wales, Australia) to assist adhesion of 38-mm nonstretch sports tape (Endura-Tape Pty Ltd, Sydney, New South Wales, Australia). The FRT method was applied to both ankles by 1 of 3 research assistants educated in this method by 2 members of the Mulligan Concept Teachers Association. The FRT method involved two 20-cm lengths of tape applied obliquely starting at the distal end of the lateral malleolus. A pain-free posterolateral force was applied to the distal fibula while the tape was applied to 21, 24 both ankles (Figures 1 and 2) . A second reinforcing strip was applied in the same manner.
Ankle Injury Severity Scale
The Ankle Injury Severity Scale (AISS) (Appendix) was developed to provide a measure of ankle injury severity. This provided a subjective, retrospective measure of functional limitation following ankle injury. The AISS was based on the Olerud and Molander questionnaire 26 and documented the degree of functional limitation endured in the initial 24 hours following injury. The injured subject selected 1 statement from each of the sections that most accurately described the symptoms experienced in the 24 hours following injury. Sections pertained to walking, stiffness, swelling, running, descending stairs, jumping, and sleeping activities. Overall scoring ranged from 0 to a maximum of 100, where 0 means no disability and 100 means maximum perceived disability.
To ascertain the reliability of the AISS, a pilot study was undertaken that included 9 subjects with recent ankle trauma. The AISS was completed on 2 occasions, 30 days apart. Mean scores for the 2 trials were 73 (SD, 41.9) and 72 (SD, 44.5), respectively. A paired-samples t test comparing the initial and follow-up scores (range, 0-100) demonstrated no significant difference (t 8 = 1.000, P = .347). Significant correlation between scores was demonstrated by a single measure intraclass correlation coefficient (ICC 2,1 ) (ICC = 0.994; CI: 0.972, 0.998; SEM, 1.42).
Procedure
One hundred and twenty-five subjects were measured during 433 basketball exposures. One exposure consisted of participation in a basketball training or game session. Participating teams were collectively allocated to either the control or the FRT condition in a manner of convenience prior to each basketball session. Control participants were able to choose whether or not to use ankle injury prophylaxis, excluding FRT. Both ankles of FRT participants were taped with this method. Upon completion of the basketball session, data were obtained via questionnaire on duration of court time, group allocation, the use and type of other prophylactic devices, the ankle(s) to which it was applied, and the presence and side of ankle injury. Ankle injury was determined by participant report of any pain or discomfort in the ankle following a sudden uncontrolled movement of the ankle. 10, 19 Injured participants were instructed to rate the pain level experienced immediately following ankle injury on a visual analogue scale (VAS). These participants were followed up by telephone to complete the AISS by reporting pain level at 2 hours postinjury, the most severe pain experienced in the initial 24 hours, and the number of days taken to return to basketball. Each basketball session was considered exclusive; hence, most subjects were studied on more than 1 occasion and allocated to the intervention or control condition independently of previous allocations. Injured subjects were excluded from further data collection due to the increased chance of reinjury.
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Data Analysis SAS Version 8.0 (SAS Institute Inc, Cary, NC) and SPSS Version 10.0 (SPSS Inc, Chicago, IL) software programs were used to conduct the statistical tests. The Fisher exact test was used to determine an association between injured participants in each group and the subjective report of ankle injury in the previous year and the preceding 3 months. Logistic regression was used to determine the odds ratio. The numbers needed to treat (NNT) statistic is a useful means of representing data in situations where the variable of interest (ankle injury) is not a particularly common event.
6,27 For this study, the level of significance was preset at PϽ.05.
RESULTS
The FRT condition sustained significantly less ankle injuries during the study period (Fisher exact test: P = .03, df = 1). Individuals with the FRT condition sustained 2 injuries compared to 9 injuries in the control condition (Table 3) .
The sequence of events leading to an ankle injury for injured participants is shown in Table 4 . As can be seen from this table, there were 25 records of games for the 11 people who ultimately experienced an injury, with some players appearing only once and others appearing up to 4 times before injury.
The odds ratio of sustaining an ankle injury when taped with FRT, as compared to control condition participants, was 0.2 (P = .041; 95% CI, 0.043-0.9377). Consequently, a participant using FRT was 5 times less likely to sustain an ankle injury during basketball participation. All injured participants reported a previous history of ankle injury. No difference was observed between these participants in either condition with respect to ankle injuries sustained in the previous year (control, n = 9; intervention, n = 2; Fisher exact test: P = 1.00, df = 1). Three of the 9 injured control condition participants were using ankle injury prophylaxis at the time of injury, namely traditional ankle taping (n = 2) and an ankle brace (n = 1).
Given that all injured participants had a history of previous ankle injury, the NNT statistic was calculated only for players with a history of ankle injury.
Calculated from the rate of ankle injury (injury/ exposure) in the control (P2) and FRT conditions (P1), the NNT using FRT was 22 (95% CI, 12-312). Therefore, based on this study, the application of FRT during a single basketball session to 22 male basketball players with a history of ankle injury would result in the prevention of 1 ankle injury. However, the confidence interval for the NNT is very wide and indicates that the NNT in the target population may be as high as 312.
The small number of injuries sustained by the individuals under the FRT condition (n = 2) prevents adequate statistical comparison of ankle injury severity measures, specifically the AISS, VAS pain scores, and days to return to play (Table 5) .
DISCUSSION
The principal finding of this study was significantly lower incidence of ankle injury with prophylactic use of FRT among basketball players. However, interpretation of this finding has to be moderated by the fact that the 2 conditions were significantly different in the baseline measure of ankle injuries in the previous year (Table 2 ). Verhagen et al 38 have demonstrated that the risk of ankle injury is significantly higher in the 12 months after a previous ankle sprain. Hence the control condition participants, who had a higher number of ankle injuries in the previous year, may have been more likely to be reinjured. The differences in baseline measures are most likely due to the lack of randomization of the subjects into the 2 conditions.
In view of the wide confidence intervals for the NNT analysis found in the present study, the results for FRT, for a single session of participation in male basketball players with a history of ankle injury is comparable with those previously reported. 27 In contrast, the NNT using a semirigid ankle brace in participants with a previous history of ankle sprain is 5 and 18, 27 calculated from studies on senior soccer players 35 and military basketball players, 33 respectively. These data suggest that ankle bracing is still more effective than tape. However it is important to qualify duration of exposure for the NNT calculations. The definition of exposure used in the present study and Olmsted et al 27 is consistent, so direct comparisons can be made. In contrast, the bracing studies 33, 35 use seasons of participation as the unit of exposure, and thus the NNT statistic needs to be interpreted in this respect.
During this study, ankle injury was not observed in any control or FRT condition participant without prior history of ankle injury, probably due to the small sample size. Consequently, FRT efficacy cannot be determined for subjects without prior history of ankle injury.
An all-encompassing injury definition was employed in this study to ensure maximum detection of injuries. Similar definitions have been used previously 10, 19 and demonstrated a rate of 15 sprains per 1000 participant games using traditional taping, and 33 ankle sprains per 1000 participant games in the control group. 10 In comparison, our study observed a rate of 9 ankle injuries per 1000 exposures using FRT and 43 ankle injuries per 1000 exposures under the control condition. From these statistics, FRT appears more effective than the traditional taping method in participants with a history of previous ankle injury. Provision of support, restriction of range-of-motion extremes, and proprioceptive input are the main purported mechanisms that enable traditional taping to prevent injury. 10, 28 In addition to these mechanisms, it has been proposed that the effectiveness of FRT may result from prevention of fibular displacement. Mulligan 22 postulates that when the foot is forcibly inverted the mechanical stress is transferred to the anterior talofibular ligament, pulling the fibula forward, which creates an anterior positional fault. As previously mentioned, limited support for this hypothesis can be found in studies demonstrating an anterior positional fault of the fibula in ankle instability and after ankle sprain. 13, 15, 17 However, some studies have described a posterior fault. 2, 8, 18, 31 This contradiction has been explained by the variation in measurement techniques and so direct comparison cannot be made between these studies. 13, 15 If the fibula were to displace posteriorly during a typical ankle sprain, then taping the fibula into this direction would be likely to increase the incidence of injury, which is not what was found in this study. In contrast, another perhaps more plausible explanation is that taping the ankle simply increased proprioceptive awareness, which may be the explanation for ankle injury prevention. 28 The tape places considerable tension on the skin, which may accentuate proprioceptive sensory feedback of ankle joint position. This may alert the participant to impending tissue injury and thereby create reflex activation of protective muscles to prevent excessive joint range. Additionally, anecdotal evidence suggests that the FRT restricts range of plantar flexion/inversion motion; however, the degree to which prophylaxis can be attributed to this mechanism is unclear when using just 2 short strips of tape. These hypotheses do provide an avenue for future research into the protective mechanism of FRT.
When considering NNT and rate of ankle injury, FRT appears at least as effective as traditional taping. Even if considered equally effective, the properties of FRT ensure its role in the future of ankle injury prophylaxis. Furthermore, bracing efficacy also remains to be determined in participants without a history of ankle injury, 39 despite numerous investigations. 33, 35, 37 FRT does not appear as effective as bracing in participants with history of previous injury, yet compares favorably on ease of application, selfapplication, and cost effectiveness in a climate of player preference for taping.
The effect of FRT on ankle injury severity and return to sport postinjury remains inconclusive. A larger sample size is required to enable statistical analysis between conditions. The use of traditional taping is more prevalent in the community 34 and has been the method of choice for participants with a history of ankle sprain. 35 However, traditional taping is 3 times more costly than bracing throughout an entire season. 27 FRT offers a compromise with the advantages of quick and easy self-application and the use of significantly less tape. One roll of tape is sufficient to apply FRT to 17 players.
This study has considerable limitations. The most important of these are the lack of blinding and randomization of subject condition allocation. In addition, the control condition was not a ''true'' control condition as some of the athletes used other forms of prophylaxis (traditional taping or bracing). A more exact comparison would have been to either a control condition receiving no prophylaxis or a condition where all received either bracing or traditional taping. These limitations, together with the difference in baseline measures, threaten the validity of the study and introduce potential bias that may explain the observed between-condition differences.
FRT is a novel concept in ankle injury prophylaxis and further research is warranted. A larger blinded, randomized controlled trial comparing FRT to traditional taping and ankle bracing is advocated in a variety of sporting disciplines. The effect of FRT on ankle injury severity and mechanisms of protection are also avenues for future research.
CONCLUSION
This pilot study provides preliminary data that engenders further research into the effect of FRT on ankle injury prevention. Studies with greater protections against validity threats (including randomization, blinding, a true control group, and ensuring baseline homogeneity) are required to verify these tentative findings.
